A method based on the initial portion of indicator-dilution curves has been used to determine the proportion of blood from each lung which drains anomalously. The results obtained appear to substantiate the derivation and permit the expression, in numerical values, of the greater proportion of anomalous drainage of blood from the right lung in the usual case of atrial septal defect. The principal assumptions pertaining to the method are discussed in some detail.
SYSTEMIC arterial dilution curves of T-1824 have been used to demonstrate the hemodynamic derangement of ''anomalous drainage" of pulmonary venous blood in certain forms of acyanotic congenital heart disease characterized by a left-to-right shunt.' In the usual case of atrial septal defect the proportion of blood from the right lung which drains anomalously is greater than from the left lung. This paper outlines a method for the estimation of the magnitude of the anomalous drainage from each lung.
The principal features of dilution curves obtained following injection of an indicator into the right and into the left pulmonary arteries in the usual case of atrial septal defect are evident in the example given in figure 1. The initial peak of concentrations, which occurs at 10.4 sec. and 10.0 sec. after injections of dye into the right pulmonary artery and into the left pulmonary artery respectively, is due to indicator that drains normally to the left ventricle on the first circulation. The second peak of concentration, which occurs at 14.8 sec. and at approximately 14.5 sec. following injection of indicator at each of these respective sites, represents indicator that has drained anomalously to the right atrium, and has passed, principally by way of the left pulmonary artery, to the systemic circulation following its second passage through the lungs.
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THEORETIC CONSIDERATIONS
In the absence of mitral insufficiency, or of an interventricular or aortopulmonary communication, the cavity of the left ventricle may be regarded as a final common path, in that all of a substance which enters will pass, without delay, to the systemic circulation. For reasons that are made readily apparent in a later section, quantitative analysis which involves the determination of components of dye concentration is best confined to that part of the dilution which represents the curve of increasing concentration due to dye which passes to the systemic circulation on its first circulation. The calculation of the proportion of anomalous drainage that occurs from each lung is based on a determination of the fraction of the quantity of dye injected into the right or left pulmonary artery which reaches the left ventricle on its first circulation.
Calculation of the Blood From Each Lung Which is Shunted Left-to-right. Considering arterial dilution curves obtained in a normal subject, the equation* for the determination of cardiac output, Qs2, in its usual form and application is: 60 I Qs =C.T (1) in which I is the quantity of indicator in mg., The dilution curve seen in the presence of a left-to-right shunt may be considered as having in its initial portion a dilution curve of normal contour due to that indicator which has reached the left ventricle on its first circulation, on which is superimposed further concentration changes due to recirculated indicator. If no recirculation were present, the magnitudes of the time and concentration components of the dilution curves would be functions of the systemic flow and the quantity of dye injected into the central circulation, all of which reaches the left ventricle. In the same manner, a relationship will exist between the systemic blood flow, Qs, the components of the initial part of the dilution curve (if no recirculated indicator obscured its dimensions) and the quantity of dye entering the left ventricle. Designating this quantity i, equation 4 may be rewritten in terms of the initial dilution curve prior to its peak of concentration. between these peaks has been designated the "lung recirculation time" (LRT). A precise definition of this interval in terms of velocities, vascular path lengths and quantities of indicator is not attempted here. In general terms, the interval would appear to be related to the time taken by the average particle to traverse the pulmonary vascular bed. Adapting the formula of Hamilton and associates' and using the value LRT as a mean pulmonary circulation time, the volume of blood in the lungs was calculated:
If Qp is the pulmonary blood flow in ml./min. (see later), W is body weight in kilograms and LRT is given in sec., then PBV is the pulmonary blood volume in ml./Kg. Theoretically, the value so derived will have the same relation to the true volume of blood within the heart and lungs as the LRT bears to the mean pulmonary circulation time.
METHODS
Each patient was studied by the cardiac catheterization procedure. As outlined previously,' arterial indicator-dilution curves following injection of T-1824 into the right and into the left pulmonary artery7 while the patient breathed 100 per cent oxygen were recorded by means of oximeters fastened to each ear, and simultaneously by means of a cuvette oximeter8 through which blood from the radial artery was allowed to flow. Since it was possible to calibrate the deflection produced by the cuvette oximeter in regard to concentration of T-1824, the dilution curves recorded utilizing this instrument are the basis for the data in this report. The dilution curves recorded by means of the ear oximeter have been reproduced for each patient previously. The numerals used refer to the same patients in each paper. Quantitative data were not obtained in case 11. 1 The pulmonary, Qp,* and systemic, Qs, blood flows were calculated (in L./min.) from the equations: Qp= T,02
in which VO2 is the value for oxygen consumption in ml./min., and CPVO,, CPAO2, CSAO2 and CMVBO2 represent figure 2 .
The average of the difference between the values determined by each of these methods was 0 and the standard deviation of these differences was 6.6 per cent. The proportion of the blood which drained anomalously, having traversed the right lung, exceeded that which drained anomalously after traversing the left lung in every instance. The average difference was 31 per cent with a wide variability (8 to QP-Qs Q Agreement between estimates of systemic blood flow by the dye-dilution method and by the Fick method have been reported by several investigators", '" and is not discussed further here. The standard deviation of differences between these methods found in this laboratory was i 16 per cent." There is also general agreement as to the division of the total volume of the pulmonary blood flow, so that approximately 52 per cent traverses the right lung and 48 per cent traverses the left lung.' This division is related to the total quantity of lung tissue that comprises each lung, and, since it has been found to hold during exercise,' it appears likely to apply also in the presence of pulmonary recirculation. Even moderate deviations from these relative proportions will affect the principal calculations but little.
The data of Hetzel and associates4 relate the value (Cp X TB) to the total area subtending the dilution curve obtained in normal subjects and in patients without an intracardiac shunt, the effect of indicator that has traversed the systemic capillaries having been eliminated. The variability of this relation over a wide range of values of systemic blood flow was sufficiently small to enable the total area of the dilution curve to be predicted with considerable accuracy from the values for Cp and TB. Further, in 4 normal dilution curves recorded following injection of indicator into the left ventricle or aorta, the relation of (Cp X TB) to the total area of the curve (excluding the effect of systemic recirculation) was similar.
The quantitative application of indicatordilution technics in the presence of pulmonary recirculation due to an interatrial communication is now considered. Clearly,many additional assumptions pertaining to the use of these technics, as outlined by Hamilton and into the right and into the left pulmonary artery were 10.9 and 10.7 sec., and the values for Tb were 4.2 and 4.6 see., respectively. In several patients the differences between the value of Tb for each of these injection sites were considerable (table 1). Where this was the greatest (case 3), the magnitude of SRt was recalculated on the basis of the greater value of Tb (that is, Tb for the left pulmonary artery curve). The value for SRI declined from 89 per cent to 85 per cent, a relative error of 4.7 per cent. When applied to the calculation of the proportion of blood draining normally, this substitution in the value of Tb resulted in an increase from 11 to 15 per cent, a relative error of 27 per cent.
The instant of peak concentration, tG, is the second determinant of Tb. The clear identification of a peak of concentration due principally to that indicator which had drained normally was possible in every instance. The influence of recirculated indicator on the position in time of this peak is probably small, for a decline in concentration following the initial peak was usually seen before the further increase in concentration due to recirculated indicator had occurred ( fig. 1) . Further, the peak concentration time, PCT, from the right lung was not significantly longer than from the left lung, even in those patients in whom the proportion of the blood draining anomalously differed greatly.
Determination of C,. The initial peak of concentration of indicator is taken to represent only that quantity of indicator which drains normally, and is used in equation 5 as the value for C. Since the average pulmonary recirculation time has been shown to be of the same order of magnitude as the average buildup time, this assumption needs further examination. First, inspection of the majority of curves recorded following injection of dye into the left pulmonary artery indicates that a relatively small quantity of dye is draining anomalously, since the change in concentration due to recirculated indicator appears only as a small deformation on the slope of declining concentration. In this instance, the absolute quantity and the relative proportion of recirculated indicator that distorts the initial t The value for PCT, used in these cases is the interval between the instant of injection and the instant of peak concentration (which is the first peak) following injection of indicator into the artery of the anomalously connected lung. peak of concentration is also likely to be small. Second, when the initial deflection itself is small, as in about half of the dilution curves recorded following injection of dye into the right pulmonary artery, it is readily apparent that no great quantity of recirculated indicator is passing to the sampling site. It could well be argued that a relatively large proportion of recirculated indicator is contributing to this initial peak. However, the slight decline in concentration which usually follows this peak implies that for this short period the concentration of indicator which has drained normally is diminishing more rapidly than the concentration due to recirculated indicator is increasing. Since the build-up slope of a normal dilution curve is more rapid than the slope of declining concentration drained normally, and those components due to dye which has recirculated through the lungs 1 or more times. It would appear that of methods of analysis based on the later portion of such dilution curves those of an empirical nature depending on relationships such as the disappearance time build-up time ratio would be of most value.'3 SUMMARY A method of analysis of indicator-dilution curves in cases of anomalous drainage of pulmonary vein blood has been derived whereby the proportion of the blood from each lung that drains anomalously may be calculated. The method utilizes measurements of build-up time and peak-concentration due to dye that drains normally, and an independent estimate of systemic blood flow. In atrial septal defect the proportion of blood draining anomalously from right and left lungs averaged 84 and 54 per cent respectively. The sums of these values agreed well with estimates of left-to-right shunt by the more conventional method (QP Qs).
The standard deviation of the differences between the methods w-as 7 per cent.
Estimates of lung recirculation time (average 4.4 sec.) indicated a very rapid pulmonary circulation in many patients. Values for pulmonary blood volume in these patients were 1.0 to 2.5 per cent of body weight in most instances.
SUMMARIO IN INTERLINGUA
Esseva disveloppate un methodo pro le analyse de curvas de dilution de indicator in casos de anormal drainage de sanguine pulmono-venose, permittente le calculation de proportion de sanguine veniente ab le pulmones individual. Le methodo utilisa mesurationes del tempore accumulatori e del concentration maximal de colorantes a drainage normal insimul con un estimation independente del fluxo de sanguine systemic. In le presentia de defecto atrio-septal, le proportion de sanguine effluente de maniera anomale ab le pulmones dextere e sinistre amontava, respectivemente, a valores medie de 84 e 54 pro cento. Le summa del valores esseva ben de accordo con le proportion (Qp -Qs)/Qp. Le deviation standard del differentias esseva 7 procento.
Estimationes del tempore de recirculation pulmonar (valor median 4,4 see) indicava in multe patientes un rapidissime circulation pulmonar. Valores pro le volumine del sanguine pulmonar in iste patientes esseva in le majoritate del casos 1,0 a 2,5 pro cento del peso corporee.
